Although osteoarthritis (OA) in the hip joint is a common and debilitating degenerative disease, the precise molecular mechanisms underlying its pathological process remains unclear. This study sets out to investigate whether β-catenin plays a critical role in hip OA pathogenesis. Here, we showed overexpressed β-catenin protein in human OA cartilage tissues. Then, we analyzed β-cat(ex3) Col2ER mice, in which β-catenin gene was conditionally activated in femoral head chondrocytes. At 2 months of age, β-cat(ex3)
| INTRODUCTION
Hip osteoarthritis (OA) is a joint disease that is highly prevalent and affects up to a quarter of people over a lifetime (Murphy et al., 2010) .
Symptoms associated with hip OA include pain, stiffness, and joint dysfunction, which can seriously deteriorate the quality of patients' life (Eitzen, Fernandes, Nordsletten, & Risberg, 2012; Hurwitz, Hulet, Andriacchi, Rosenberg, & Galante, 1997; Nakamura et al., 2013; Rutherford, Moreside, & Wong, 2015) . Currently, hip joint replacement surgery is the final therapeutic option, as no effective treatment can prevent or reverse the progression of hip OA (Berenbaum, 2011; Hawker, Mian, Bednis, & Stanaitis, 2011) . Our knowledge about hip OA is derived mostly from clinical studies (Baird et al., 2018; Tolk et al., 2018) and many aspects of hip OA, especially the potential molecular mechanisms, still need largely underresearched.
Cartilage degeneration or damage, a prominent feature of OA, is thought to be a critical pathological event accelerating the progression of OA (Glasson et al., 2005) . Cartilage degeneration is a complex and irreversible pathological process characterized by the large loss of collagen and proteoglycan, cartilage fibrillation, and chondrocyte clustering as well as osteophyte formation along joint margins (Xu et al., 2003) . In addition, apoptosis and poor self-renewability of chondrocytes play an important role in the initiation and development of cartilage degeneration (Correa & Lietman, 2017) . Canonical β-catenin signaling has shown an unparalleled function in regulating cartilage development and maintenance, while its dysfunctions can cause severe cartilage defects (Usami, Gunawardena, Iwamoto, & Enomoto-Iwamoto, 2016; Yuan et al., 2016; Zhou, Wang, Hamilton, & Chen, 2017) . Findings from our previous studies have demonstrated that activation of β-catenin causes various forms of arthritis, such as OA in knee joint and temporomandibular joint (TMJ), rheumatoid arthritis, and spondyloarthritis (Heiland et al., 2012; Hui et al., 2018; Xie, Zhou, Li, Hui, & Chen, 2016; Zhu et al., 2009) . It is our goal to comprehensively understand the functions of β-catenin in the pathogenesis of arthritis. However, whether β-catenin plays a pivotal role in hip OA pathogenesis remains unclear.
Despite a similar pathological progression between hip OA and OA in other joints (knee joint, facet joint, and TMJ), the anatomical structure and risk factors differ across different joints (Hosseininia, Lindberg, & Dahlberg, 2013) . For instance, meniscus injury, obesity, and muscle weakness are commonly regarded as risk factors for knee joint OA (Felson et al., 2000; Roos et al., 1998) , whereas hip OA patients frequently undergo acetabular dysplasia and abnormal loading (Jacobsen & Sonne-Holm, 2005; Thorstensson, Petersson, Jacobsson, Boegård, & Roos, 2004) . Therefore, it is still necessary to examine whether similar molecular mechanisms is shared among different joints.
In the present study, we analyzed OA samples from hip arthroplasty patients and found that the levels of β-catenin protein were highly upregulated in OA cartilage. Then, β-catenin conditional activation mice were generated by administration of tamoxifen into β-cat(ex3)
Col2ER mice at 2 weeks of age. Interest- 
| Microcomputed tomography (µCT) analysis
Femoral head samples were performed with µCT analysis before histological processing. Briefly, samples were scanned from proximal to distal for 400 slices using a µCT (Skyscan 1176, Bruker, Kontich, Belgium) at a resolution of 10 μm. We then reconstructed threedimensional structure of femoral head samples using NRecon Software (Bruker). Fifty slices of the subchondral bone of each sample were selected for morphometric analysis.
| Histology and histomorphometry
Femoral head tissues were processed for paraffin section as previously described 
| Immunohistochemistry (IHC)
IHC assay was applied to detect the expressions of β-catenin, type 
| Cell apoptosis assays

| Statistical analysis
Statistical significance was determined by unpaired Student's t test.
*p < 0.05 was considered statistically significant. ;ROSA tdTomato mice were generated by breeding Col2-CreER T2 transgenic mice with ROSA tdTomato mice. Femoral head samples were harvested from 1-month-old mice after they were injected with tamoxifen at the age of 2-weeks old for 5 consecutive days. High Cre-recombination efficiency was observed in the femoral head chondrocytes in Col2-CreER T2 ;ROSA tdTomato mice, including superficial, middle, and deep layers of femoral head chondrocytes (white, yellow, and (Ponseti, 1978) and the epiphysis cartilage of femoral head is completely ossified at ages 16.8 (Parvaresh, Upasani, Bomar, & Pennock, 2018) . Mice undergo a maturation process of hip joint similar to human beings (Ford, Nowlan, Thomopoulos, & Killian, 2017) . In this study, we found that growth plate chondrocytes and chondrocytes in the secondary ossification center of the femoral head were gradually replaced by bone and bone marrow tissues during the endochondral ossification process.
However, compared with Cre-negative mice, β-cat(ex3) Col2ER mice showed a delayed development and maturation of these chondrocytes, indicating that an appropriate level of β-catenin is required for the maintenance of cartilage homeostasis.
Furthermore, we determined the underlying molecular mechanisms causing this hip OA-like changes presented in β-cat(ex3)
Col2ER
mice. MMP13 and Adamts5, the primary enzymes, can degrade the collagen network and proteoglycan that are the major components of the cartilage matrix (Glasson et al., 2005; Neuhold et al., 2001) . β-catenin is thought to be an upstream regulator of MMP13 and Adamts5 during this matrix-degrading process (Hui et al., 2018) .
Results of IHC analysis have revealed that MMP13 and ACAN expression were highly increased in articular cartilage as β-catenin was conditionally activated in the femoral head chondrocytes.
ACAN is a degradation fragment of aggrecan that can specifically reflect Adamts5 activities during OA progression (Olszewski et al., 1996) . In addition, the decreased expression of Col-II and aggrecan proteins further confirmed MMP13-and Adamts5-induced cartilage degradation in β-cat(ex3) Col2ER mice. At the cellular level, the numbers of apoptotic articular chondrocytes were highly increased in β-cat(ex3) Col2ER mice. Several lines of evidence have revealed that there is an inseparable correlation between chondrocyte apoptosis and cartilage matrix damage (Hwang & Kim, 2015) .
Chondrocytes, the solely living cells in cartilage, secrete and synthesize the extracellular matrix. In return, the cartilage matrix not only provides structural and biochemical support but also transports nutrients and oxygen for the resident chondrocytes.
However, it is still unclear whether chondrocyte apoptosis is a trigger for cartilage degradation or a by-product of cartilage damage. Possibly, a vicious cycle forms between chondrocyte apoptosis and cartilage matrix loss, with the progression of one aggravating the other, eventually resulting in the hip OA-like defects presented in β-cat(ex3) Col2ER mice.
In summary, our data demonstrated the critical role of β-catenin in the regulation of chondrocyte development, maturation, and apoptosis. Dysfunction of β-catenin in the femoral head chondrocytes could lead to cartilage degeneration resembling a human hip OA phenotype.
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